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MRWORD 

'This report presents work accomplished by the BoeinR Company dur ing  t h e  

second quarter October 1, 1966 to Jar,i~ary 1, 19c7 on an "Analytical !;t.uay 

of NonmetallZc Parts fo r  Launch Vehicles and bwcecraft Struc tures" ,  N4S.I 

Contract MAS 8-1tSo37. 

during t h e  f i r s t  three months of the program which was previously reported 

i n  'Wrterly Progress Report fl. 

Wsha l l  :pace Flight Center,  P&VE Laborator-,, XuntsvLlle, Alabama. The 

IWSA Technical  Leader is Mr. Carl A.  Lay. 

Also included is  a smmarimtiov of work ac-omplished 

%.e work is adminis te red  by the reor-re P. 

Performance of this c o n t r a c t  is under t,he direction of the 3 t r u c t w a l  

Developwnt Ih.l l t ,  Spacecraft Mechanics and Bkterials Tectmology, 5pace D i v l s i o n  

of t h e  Boelng Company. Mr. C. F. Tlf fany  18 Program Supervisor and 

Mr. D. H. Wtlett is Program Leader. 

Decause tl..is i s  a promess report, information contained herein is t e n t a t i v e  

and subject t o  changes, corrections, and modif ica t ions .  
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The o b j e c t i v e  of t h i s  inves t lga tdon  Is to (de termine  t h e  a p p l i c a b i l i t y  of fiber 

I 
I r e i n f o r c e d  p l a s t i c s  i n  s p a c e c r a f t  and launch vehicle s t r u c t u r a l  components 

with p a r t i c u l a r  I n t e r e s t  i n  t h e  use of this type of s t r u c t r l r e ( t o  support cryo- , 

genic tanks) 

components wi th  metallic parts of t h e  same functional des iqn ,  

literature from past and c u r r e n t  program Kill be made t o  assemble informetior! 

such as properties and methods of f a b r i c a t i o n  e s s e n t i a l  t o  t h e  design phase. 

Parts will be d e s i w e d  u t i l i z i n g  the  inhe ren t  advantages of r e in fo rced  p l a s t i c  

s t r u c t u r e  and comparisons made with des igns  of metallic parts. A q u a n t i t y  of 

parts wi l l  be f a b r i c a t e d  and subjec ted  t o  d e s t r u c t i o n  tests intended t o  prove 

t h e i r  s u i t a b i l i t y  far the a p p l i c a t i o n  selected. 

An a d d i t i o n a l  ob jec t ive  is  to  compare t h e  merit of t h e s e  

A survey of 

DwiV t h e  f i r e t  r e p o r t i n g  period (July 1 t o  October 1, 1966) a l i terature 

survey w88 completed, s t r u c t u r a l  composite p r o p e r t f e s  w e r e  s e l e c t e d  for d e s i m  

and t h r e e  types of structural elements w e r e  chosen for des lqn , fabr ica t ion  and 

test. 

t s n k  suppor ts ,  (2)  combined compression and tensfon  str'its for r.rvoqenic +ark 

si ipports ,  and ( 3 )  beams f o r  payload packages (noncryoqcnic).  W o  +ension rod 

conf ign ra t ions  were s e l e c t e d  for study; t h e s e  were f l a t  members with lamirated 

m e t a l  foils f o r  increased  l-eariw strength, and round members lncorporst irx 

a wedcrfng feature a t  t h e  end attachments.  Compression struts i n  tile 1enqf.h 

range of 20 to 30 inches w e r e  cont ' imred as cylir&-ir:cd tii5er; sf -a'nC-*-nd A L L ' . L  "1 -..- 

p l a s t i c  cons t ruc t ion  bonded t o  me ta l l i c  end fittings. It was fo7n-d that sip- 

n i f i c a n t  w e l q t t  savings i n  fiberglass compression stru%s are a v a i l a b l e  when 

compared with m e t a l l i c  parts, I f  high l m d i n p  i s  cons idered ,  l . e . ,  1?,W l b s  

or more for a 20 l n c h  member; however, in any load  rsnqe .  t h e  iibervlass 

The s t r u c t i i r a l  e l e m n t s  s e l e c t e d  were (1) tens ion  members for c r m g e n i c  
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c -parts consistently provide the least h e a t  leak due to the l ~ w  thermal con- 

duct ivi ty  of Tke composite, Besms with sandwicp web, sriffened web and truss 

webs were investigated and the sandwich web approach was selected as providing 

the least weight desl.9 in the span l eng ths  of interest. 

"he reinforcement selected fo r  all designs was "994 fiberclass In either 

multlplc end rovinqs, cloth or single e n d  yam. A variety of acceptable resin 

systems were identifled i n  the literature survey, the preferred being Tpon 8.26 

(for wet vinding) and .5'r737 prepreg. 

desip-n were selected from resuLts of the Reference 1 cont rac t .  

Ttructural composite p r o p e r t i e s  for 

A detailed presentation of s tudy  results and a discussion of the anslyticsl 

approach is contained in the first  Quarterly Report. 
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. 2.0 SUMMARY OF WORK ACCOMPLISHED - 
T 

During the fourth and fifth months, %he detailed designs of flat and round 
\ 

tension rods and a compression strut were developed. A titanium tension rod 

and a titanium cocapression strut were also designed using the same loads as 

for  the  nonmetallic parts to allow heat flow comparisons. The design drawings 

for  the titanium parts are not complete, hence they are not included in this 

report. (?he beam optimization computer program was initiated rand has produced 

data on depths, cross section geometry and weight for a variety of spans and 

loading. 

1 

During the sixth month, the test plans for tension rods and compression struts 

were prepred and coordinated with the MSFC Technical Leader, and material. 

orders were placed for fiberglass, epoxy resin, adhesives, and the required 

metallic materials. ("he mnufacturing methods were selected and tool design 

s"%rted. The analysis of aluminnu beams for comparison Kith the nonmetallic 

parts was completed. Comparisons of the two types of beams show the span and 

loading range where fiberglass construction offers weight savings over 

aluminum 

A detailed discussion of the designs, fabrication approach, and test plene 

follows.~ -\ 

- Tension R o d s  

Figure 1 is the design drawing of a flat tension rod with metal foils laminated 

into the composite at the ends to provide bearin,? sti-ezgtk. 

side of the drawing, the t ens ion  rod is shown in place on a cryogenic tank 

assembly. 

member, an important feature when round rods are considered. The parts a r e  

fabricated b;r winding 12 end fiberglass roving impregnated with  an Epon 826 

!h t k e  l e f t  k n d  

This view serves to show the clearances required for t h i s  type of 



c 

r e s i n  system on a f la t  frame. The s t a i n l e s s  steel foils are coa ted  wi th  

adhes ive  and placed between appropr i a t e  l a y e r s  of windings. 

frame assembly i s  then  vacuum bagged and cured. After cure, the composite 

wLth i n t e g r a l  metal ?oils i s  c u t  fkom t h e  frame, t h e  edges are trimmed and 

t h e  t ens ion  rods produced by c u t t i n g  parallel strips of t h e  r e q u i r e d  width.  

The t,ype of c u t t i n g  vhee l  and speeds employed i s  c r i t i c a l  t o  ob ta in ing  a 

smooth edge Kith  a minimum of fi 'Ser damage. 

then  be dri l led  I n  each end for attachment.  

r equ i r ed  t o  have a bea r ing  s t r e n g t h  nea r ly  equ iva len t  t o  t h e  fo i l  material 

and should be made from an  a l l o y  corlsidered s u i t a b l e  for crvogenic  se rv i ce .  

The A286 a l loy  s e l e c t e d  f o r  t hese  p i n s  meets both t h e s e  requirements .  

alternate material would be Inconel  718 cold  reduced and aged t o  a m i n 3 m m  

t e n s i l e  s t r e n q t h  above 200,000 psi. 

The e n t i r e  

A hole of' t h e  r equ i r ed  s ize  may 

'Phe p i n s  used for  at tachment  are 

An 

Figure  2 is t h e  des ign  drawing; of a c i r c u l a r  t ens ion  rod which a lso inco rpora t e s  

t h f n  m e t a l  fof ls  for  increased  bear ing s t r e n g t h  a t  end at tachments .  

d iameter  a t  the ends as w e l l  as t h e  width o f  t h e  f l a t  t ens ion  rods  1 s  a func t ion  

of both t h e  number of foi ls  and the  adhes tve  bond strerqth. Tn t h e  case  of 

t h e  flat rods it was relativeljr easy t o  add f o i l s  i f  necessary ,  t h e  only 

undes i r ab le  e f f e c t  be ing  increased  thickness. However, i n  t h e  case of t h e  

c i r c u l a r  rods, the  design shown rep resen t s  a minimum diameter  for  t h e  i 3 t e r n a l  

a t tachment  lw so t h e  use of a d d i t i o n a l  f o i l s  would only i nc rease  o i i t s ide  

d iameter  resulthe] iI? t h e  need t o  sho r t en  t h e  fiberKlass s e c t i o n  to avoid 

i n t e r f e r e n c e  wi th  t h e  p re s su re  vesse l .  In all t h e  t ens ion  rod des igns  shown, 

a single b o l t  serves as t h e  attachment a t  each end. This approach e l imina te s  

t h e  u n c e r t a i n t i e s  of load t r a n s f e r  a t t e n d a n t  w i t h  m u l t i p l e  f a s t e n e r s .  A 

des ign requirement  of the c i r c u l a r  as w e l l  as t h e  f l a t  rods was t h a t  t h e  

b e a r i n g  strers i n  t h e  f o i l s  be beluw t h e  y i e l d  s t r e n p t h  of t h e  material at, 

des iqn  idttmte load. 

The 

This i s  be l ieved  necessary to e l iminn te  any p r y i n r  

7 
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” a c t i o n  on the adbesive ,:oin t, cmsed b-i i d e l d i n g  and subsequent, thickeninr; of 

foils a t  the b o l t  hole. %e posnibC1it.r thzt, th is  tvpe of i e l d i n q  c o i l d  

c o n t r i b u t e  t o  prematlire f s i l v e  i s  further reason for ~ s l n g  a s l n q l e  bol t  

attachment.  

The c i r c u l a r  rods m i l s t  be fabril-ated on Ind iv idua l  mandrels, thus  Lncreaslnr 

the  cost. The mmdrel shown on t h e  drawin.?; 1s sssernbl-ed by means cf a 

threaded J o i n t  which ~ l s o  a l lows  removal a f t e r  the p r t  is curpd. Fovlnx 

guides on each end of t h e  mandrel are imed t o  position t h e  windinps ,  providlnt7 

an  even d i s t r i b u t i o n  over :he f o i l  siireaces. ?he foils are s p l i t  r i n m ,  

a d h s i v e  coa ted ,  and s l ipped  over the w.fndincs a t  t h e  appropr i a t e  time. %e 

f o i l s  a6 confiqured appear  expensive s i v e  each m i l s t  be macklned from m r  

s t o c k ,  however, a n  alternate desiijn i s  be in r  considered wkick rises f o i l s  .;plit 

ln‘,o two halves. 7311s approach would allow forming the f o i l s  from j C l  ;” 

s ? a i r . l e s s  steel to a h a l f  c i r c l e  OD a brake press, t h u s  reduclnP mscbining 

costs. Ci rcumferent ia l  w i n d i : : ~ ~  are applied over t h e  f o i l  area t o  provide 

In t . l lAs te  contact between glass, r e s i n ,  and adhes ive  dur lnq  t h e  ciu-e cycle. 

’Be same type of wlndinRs are  a l s o  app l i ed  at. the small end of t h e  +vaper 

section to reduce the tandency for f i laments  t o  strelgl-ten when loaded. An 

i n t e rna l  p l u ~  is used a t  t h e  l a r g e  end of t,he taper f o r  t h e  same YZSOR. Tfpon 

completion of wlndlnn, t h e  filaments are c u t  a t  the  E;iIde, t h e  quide and 

mandrel halves removed, and the i n t e r n a l  pltLw bonded in place. %e m n d r e l  

may r;’nen be re-as&, t he  czly ~ x ~ i d a h l p  i t r m  beinn t h e  miides. A q imnt i ty  

of these parts m y  be wound and cured at one t i m e  which assures uyiiform resqn 

c o n t e n t  and CIVF cycle ;  however, t’t;is r equ i r e s  f a b r i c a t i o n  of a q m n 4 i t v  of 

mandrels.  F i l anen t  t e n s i o n  control and mandrel t o l e rances  w i l l  in t roduce  

v a r i a b l e s  between parts. 

A second circular rod design h a s  been developed, however, the  d e s i m  drawinp 

4 



-was no t  a v a i l a b l e  f o r  1.ncliision In t b i s  report. %is rod w a s  of t h e  "axe- 

handle' '  t y p e ,  incorpora t ing  a n  i n t e r n a l  m e t a l l i c  w e d g e  and an o u t e r  m e t a l l i c  

r i n g ,  with f i laments  sandwiched between. During the design s tudy  it w a s  con- 

cluded t h a t  t h e  actual wedging a c t i o n  was p r a c t i c a l l y  n i l  and in s t ead  the 

c r i t i c a l  feature i n  des ign  was the  adhes ive  j o i n t  s t r e n g t h  between f i l amen t s  

and metal. Since I n  t h i e  des ipn  on ly  one s w f a c e  was available f o r  l o a d  

transfer as opposed t o  mul t ip l e  su r faces  in the  f o i l  j o i n t  concept ,  t h e  

diameter  of t h e  rod ends was considerably l a r g e r  than  for t h e  foil 2oin ts .  

As a consequence, it w a 8  necessary t o  shor t en  t h e  f i b e r g l a s s  p o r t i o n  of t h e  

rod s i g n i f i c a n t l y  t o  avoid in t e r f e rence  of t he  t r a n s i t i o n  J o i n t  w i t h  t h e  

p re s su re  vessel. This p a r t i c n l a r  design was no t  chosen for t h e  f a b r i c a t i o n  

phase of t h e  program and as a res1;lt both clrcnlar and f la t  t ens ion  rod dePians 

intended for f a b r i c a t i o n  and test  will i nco rpora t e  f o i l  J o i n t s .  

The t enta t ive  q u a n t i t i e s  of t ens ion  rods are shown I n  Table I. "he t e s t  

proqram requires f a b r i c a t i o n  of 22 f l a t  and 14 round rods assuming t h e  flat 

rods are those  chosen f o r  LF12 testing. 

vibrat ion and impact t e s t i n g  has n o t  been determined. The test plan is t o  

Ruh,ject t h e  s p e c i f f e d  quan t i ty  of rods t o  idtiloate, c y c l i c ,  v i b r a t i o n ,  and 

impact loading and then select  t h e  best c o n f i g m a t i o n  for  iiltirnate and c y c l i c  

l o a d l ~  w l t h  one end of t h e  rod  a t  -'+Fj°F. 

ing K i l l  finally be t e s t e d  t o  fa i lure  to determine t h e  e f f e c t s  of t h e  p a r t i c u l a r  

1x9 tn-;ircr;==ct 0:: d t i m a t e  s t r e n e h .  

A t  p re sen t ,  t he  f e a s i b i l i t y  of 

A l l  parts subjec ted  t o  l i m i t  l o a d -  

Conrpres si on Struts 

The f i r s t  q u a r t e r l y  report presented a plot  ( F i q i r e  1) of weight e f f i c i e n c y  

versus s t r u c t u r a l  index parameter for colimnar members of t i t an ium,  aluminiun, 

w n t e i u r n ,  and f i b e r a l a s s .  I n  t h i s  report i t  was p o i r t e d  ou t  t h a t  f i b e r v l a s s  

- --- -- I - - - 

c o n s t r u c t i o n  o f fe red  t h e  l e a s t  w e i g h t  I n  t he  rsnpe of  h i &  loads  o r  short, 

collunns, and t h e  least  h e a t  l eak  over t h e  e n t i r e  range of loadlnu  constdered.  

IO 
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I - I t  was intended t o  f a b r i c a t e  S t r ~ t 6  desiRned for  t h i s  high load  ranqe for 

t h e  experimental por t ion  of t h e  program. 

During the f i f t h  month Roein4 was informed of an i n t e r e s t  i n  using f i b e r g l a s s  

compresslon s t r u t s  t o  support  LE 

w a s  su6gest.d that t h e  experimental  d a t a  from t h l s  c o n t r a c t  miRht be of more 

value i f  compression s t r u t s  configured to meet t h e  geometry and load  requfrp-  

mentc of t h i s  particular launch stage were f a b r i c a t e d  and t e s t e d .  'Po met, 

the more s t r i n g e n t  dead l ine ,  t h e  work on compression s t r u t s  has been acce le r -  

a t e d  t o  provide final test d a t a  by b x c h  1, 1967. 

tanks for a M-;FC laimch experiment.  It 2 

Flqure 3 i s  t h e  d e s l m  drawing of t h e  compression s t r u t  s e l e c t e d  for f a b r i c a -  

t i o n  and test. The part i s  designed for an ultimate compressive or t ens i l e  

loed  of 4OOO lbs ,  and would be expected t o  f a l l  i n  compression by biicklinc 

o r  crushing. s p h e r i c a l  bear inqs  have been provided at each end t o  allow for  

m i s a l f m n t  of attactment po in t s .  The part has  been designed t o  allow a 

mximum of .O5 inches  eccentricity between p i m e d  ends ,  which i s  be l ieved  

adequate  t o  account  f o r  warpage and tolerance b u i l d  up caused by the  end 

fittings. 

and 1 2  end 3-994 glriss r o v i w  on an  ali iminum mndrel. 

then be s l ipped  from t h e  mandrel, t r i m e d  and bonded to  end f i t t i n p s  wi+,f7 

Narmco 7343 adhesive.  

deeiRn has  been started. 

It is planned t o  w e t  wlnd t h e  parts with a n  Epon 826 resjn system 

The c w e d  part w i l l  

Materials for  these  parts have been ordered a-.d t o o l  

%hie 2 shows the t e n t a t i v e  q u a n t i t i e s  of tes t  parts s?d t1.e tvpes of' t e s t i n g  

planned. 

beer, explored thoroughly and. suck testing m y  be el imineted from t'ie promam. 

Cycl ic  l oad  specimens will be tested to fail,-e upon 6uccessfiil completion of 

ci:clLc tests t o  r e v e a l  ~ n y  detrimental eff?zLs. 

The p o s s i b i l i t y  of conduc thq  m e s n i n F f d  v i b r a t i o n  t e s t s  ka? not 
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Beam designs have not been developed s ! I f f i c i en t ly  to m r r a n t  discussion i n  

this sectlon. Inetesd a discussion of I n i t i a l  compL::ter proqram results b a s  

been included in 7ectlon 3 .C, "Analytical tlpproach". 



3.0 UVLrT?CAL 4PROACH 

, 0 I '  

%sign of f l a t  t ens ion  rods c o n s t i t u t e s  a trade between bol t  diameter, rod 

wqdt3, quan t i ty  of f o i l o ,  and foil gage. 

employed, t h e  rod width is t he  same f o r  t h e  e n t i r e  l e n g t h  of t h e  p r t .  

i s  be l ieved  advantageous s i n c e  each f i lament  is able t o  transfer l oad  from end 

t o  end without  depending e n t i r e l y  on r e s i n  shear  s t r e n g t h  as i n  the case  of a 

t e n s i l e  rod machined t o  a reduced width i n  t he  c e n t r a l  por t ion .  High s t r e n n t k  

bolts of 3/16 and 1/4 inch d i m t e r ,  used i n  shear. appeared s u i t a b l e  for +he 

desiqn ultimat,e load  of b.OW lhs. 

load to the foils through adhesive bond wl th in  a one inch lap length and ihat 

each foil, regardless of the quan t i ty ,  c a r r i e d  a p ropor t iona l  share of t h e  

t o t a l  load, 

In s e l e c t i n g  a specimen for  f a b r i c a t i o n  and test. The shaded area on botk 

p l o t s  indicates inadequate design and t h e  fhree dark ver-cical  l i n e s  i n d i c a t e  

some available gages of 301 stalxless steel. ";he "bearing" curve w.s cons i , ructed 

>sing the criteria that y i e l d  strength of the f o i l  material would no t  be 

exceeded a t  ultimate l o a d ,  In  all cases .It was zssumed that hea r ing  strerqt'. 

of t h e  bolt was equ iva len t  t o  the f o i l  material. 

on n e t  s e c t i o n  t ens ion  stress a t  t h e  bolt .  From these  curves I t  can be seen 

that i f  8 3/16 inch bolt i s  se l ec t ed  e i ther  four .020 gage foils or t'hxee .[P 

gage f o i l s  are n e c e s s a v .  

-OX! gsge fcils. :Xiice i k e e  foiis smplif:ii t h e  assembly job ,  and .02C gage 

provides the minimum t h i c h e s s ,  t h e  1,'4 inch bol t  s i z e  was se l ec t ed .  

Due t o  t h e  manufacturing techniques 

This  

It webs asswned t h a t  t h e  f i l amen t s  t r a n s f e r r e d  

Figure 4 i s  a n  i l l u s t r a t i o n  of t h e  va r ious  wameters considered 

'The 'ItenBion" curve i s  based 

For a 1/h inch M l t ,  it i s  possible t o  use three 

Room temperature properties were used i n  d e s i p  of  a l l  tension rods  s i n c e  one 

end w i l l  be e x t e r n a l  to  the  insulRtlon on R crjros-enlc tank. The l l terature 

has shown that a n  inc rease  i n  s t r eng th  l e v e l  accompanies a r educ t ion  i n  temper- 

at1.u-e for the materials used,  therefore, the weakest part o f  t h e  s t r u c t u r e  is 
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at the warm end. 

able "pull out' ' l o a d  of 2020 lb/inch of f o i l  width.  

glass stress of 450,000 psi  and a resin content of 31.6$ by volume were used 

The foil vid%hs of Ngure 4 were establtsbed using an allow- 

P.n allowable ultimate 

in design.  

The design of the c€rcular tension rod employs an internal attachment 1~ to 

minimize the diameter of the end attachments. X 3/16 inch shear pin was 

selected since slllaller diameters would result in exces6lve bearing stress in 

the foils. A larger p i n  was not practical s ince  there would be Insufficient 

net section area in the attachment lug. The same assumptions that were made 

for flat tension rods regarding load capacity of the bonded joints were also 

used for the round tension rods. The circumferential windings at the  smll end 

of t h e  taper section were s ized t o  limit, radial extension at ultimate load t o  

0.1s . The allowable ultimate glass stress and resin content used for the flat 

rods was also used for circulax rods. 

- Compreaaion Struts 

?Le fiberglass and titani1,Im struts were deskped as imperfect coltms Kith an 

iriitidl imperfection (dlsplacement) of .05 inches. 

by equating the eccentrically loaded column extreme fiber stress t o  the tube 

The columns were opt hized 

w a l l  local crushing stress, solving for the optimm w a l l  thickness and diameter 

,.- !!I,' a trial and error routine program with the  a i d  of a d i p i t a l  coqxter. 

The Rovernine; equations are: 

Wbe W a l l  Local C r u s h i r g  .Stress 

(ij FCC = 2 5  E t/R 

kxfmum Mber Stress of a Slightly Bent Colim 

p Y i  R y i  = P/A (1.0 + -- 
71-P/Pe) f (1-a) R 

(2) FC = P/A f 

P = Colll~m load 

A = Colim area 



.. 
yi = Initial imperfection (displacement) 

n 

= P/PP 
L 

Designing the struts as imperfect co1mn)increased the area of the fiberglass 

struts by approximately 19dp and the tltanim strut by 254. The eccentricity 

is not as detrimntal t o  the fiberglass strut as the titanium strut because 

the optimum diameter is larger end the eccentricity therefore causes less 

outer fiber stress. 

An illustration of the effect of strut material and eccentricity on heat flow 

is s?,own in Fiqure 5. 

mately 704 less heet flow r.han 8 titanium strut. 

The figwe shows that the fiberglass strJit has approxi- 

Titanium a l loy  was used for 

this comparison since it has the lowest thermal conductivity of the more cormccin 

metals. The effect of eccentricity adds o d j j  s l i g h t  heat f l o w  to  the fiber- 

glass part whereas a significant addition occurs with titanium. 

Cwve shown In the figwe represents an optimization on fiberglass strut heat 

'=he single 

f l o w ,  the lowest point occurring a t  about 2.4 inches In diameter. Tf a parti- 

cular des ign application requires a smaller diameter strut, the curve SI-ows 

the accompanying heat flow penalties. The entire optimization curve was not 

produced for the titanium parts or the fiberglass part with  zero eccentricity, 

but the points shown represent the lowest (optimum) heat flow attainable, 

seams 

*.e description of the digital computer proqram th_n_t w s  \~ i t : sn  t o  determine 

- 
the optimum beam geometry for  the aluminum and fiberglass beams was described 

in monthly propess report nimber 3. 

??le initial beam concept resultinp from a preliminary trade stuqy of varioils 

methods of construction (reported in quarterly progress report number 1) is 

shown in Figure 6. Initial computer runs with this concept indicated 
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improved efficiency if element fi was eliminated entirely. 

the c8se of low load beams there were sufficient u.nidirectiona1 fibers in 

element & and element 

removed it became necessary to increase the thickness of elements #l and ,#3 

for lateral s t a b i l i t y  requirements. Conversely, if element #!j were elLninated 

load could be carried vith element $2 and lateral stability of the section 

was improved. 

thickness of the web core TC2 to prevent web instability, which a71tomtically 

increased the width of element 3. 
critical in shear along the facing of elements #7 for this increased thickness. 

This is because there is a definite maximum thickness of unidirectional 

filements permitted in order to be able t o  work the filaments to their 

::ltinrate axial strength level and yet not exceed the adhesive shear allow- 

able alonq the faces. It is interesting to note that changinu the dimension 

normal to the thicb.ess direction has no beneficial effect on load 5ransfer 

by adhesive shear for an optimum beam. 

For example, I n  

was not needed. However, when element &? was 

, 0 ' ' -  ' 

'Ihe higher loaded beams with greater depth required increased 

Element ,k then frequently became 

%e final beam concept is shown in Figwe 7.  

promam was run w i t h  this concept for both fiberglass and n78-'l% aluminum 

construction. The aluminum beam was run iis1n.g exsctly the same construction 

as the fiberglass beam. 

replaced by aluminum honeycomb core 5052-3/16 

7l78-'6 aluminum sheet, 

for the flhergln_:c 5e=. Since the  &UU~.KIURI beam could employ rivets in 

addition to bondinq, the expression for adhesive shear in the p r o g m  was 

increased to 25COlbs/!n . 

PAe entire beam digital compiiter 

m e  fiberglass honeycomb core IIRP-3/16 4.0 was 

4.4. All other elements wer? 

An adhesive shear allowable of l @ O  lSs/in' was used 

2 

F I L v e s  6, 9, 10, and 11 show case summaries of the computer rms. 

A t .al ly of the mode of failure which resulted in the minimum allowable beam 
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load was recorded f o r  each case.  The t a b u l a t i o n  shows that several of t h e  

modes of failure were never c r i t i c a l  for any of the  combinations of variables 

run. Future i n v e s t i g a t i o n s  could e l t ra ina te  these failure modes and reduce 

computer time. 

that could be e l imina ted  are: 

Referring t o  Figures 8, 9 ,  10, and 11, t h e  failme modes 

1. 

2. 

4. 

5 .  

11. 

12. 

Max a l lowable  s t r a i n  

Adhesive shea r  - element $1 t o  &? 

%is mode of failure was de le t ed  when beam element was e l imina ted .  

It was a r b i t r a r i l y  set = 26,000 lhs. Therefore cases  appearing in t h i s  

mode w a n  that dl1 o t h e r  modes of failure were greater than 26,000 l b s .  

%A8 gives a n  i n d i c a t i o n  that t h e  range of geometry variables were l a r q e  

enot.qh t o  cover t h e  range of loading  under i n v e s t i g a t i o n .  

%is mode of failure MS deleted when beam element ,#5 was e l i m i m t e d .  

Flange face wr inkl ing .  

Flange  shear crimping due to  compression loading.  

The results of t h e  computer program showing beam e f f i c i e n c y  (heam load 

divided by beam weii<h',) for the d i f f e r e n t  spans and mterfal are  sbown on 

F l g m s  12 through 19. Beam depths  have been recorded a t  each plot Led p o i n t .  

WxFrmUn beam depths of 24" were run for all cases  bu t  were never efflcten;. 

It is shown that optimum beam depth i s  d i f f i c u l t  to determine because the 

depth  can be var fed  wi thout  much change i n  weight., however, a t r end  can he 

seen. A 104 weight Inc rease  l i n e  has been added t o  these  curves t o  show the 

large range of beam depths  yos:.iille wi th  nominal weight penalty. 

t i o n  could be of va lue  i n  designing beams where available space l i n i t s  t h e  

depth . 

This ir,forma- 

Figure 20 shows t h e  final welKht comparison as a result of t h e  compiiter 

program. It can be seen  t h a t  t h e  f i b e r g l a s s  cons t ruc t ion  o f f e r s  some weight 



.- . . 

.- 

' 5 ;  
I 

. .. 

! 
. .  . 

.. I . 

. .  

ISH. t7 



0 

0 

. . _ .  . . . .-_. 

i t  I . '  

0 - 

R E V  LTR 
3 6  



. .  

0 '  
I 

160 

I 

- I40 

0 roo. 
0 - 

I 
! .- 

REV LTR 



a 

:AlC 

:HECK 

W?D. 

LWD 

. .- 

MODEL INITIAL.  DATE ~ ~ ~ 1 : ~  DATE TITLE 

7178 -T6 ALUMINUM BEAM 
SPAN 8 40" 

.I 

I . -  -- . .. . -.-. , . . .  , I . . . . . 

120 

.- 

100 

00 
L - -  

60 

20 

r 

REV LTR 3r 



\60  

AlC 

HECK 

0 
0 -too 
0 ' .  

- 
IN IT IAL .  DATE ~ ~ ~ , J ) A ~  DATE TITLE MODCL 

F lB€RGLASS BEAM 

1 --- -- 

&?ID. 

)PO. 

-20- 

SPAN * 60" 
1 

R E V  LTR 33  



. 

R E V  LTR 



. . .  

.- ~ - -120 

z 
0 
0 
0 
L 

I 

2 
1 

! 

. .- ; . . .  , j - :  j- 

., ! : I  -. ..- 
I ]  

-1.- I...: _ _ : _  

I I .  
1 

I .  
! 

.. .*...* 1 .... . 

, I . .  
. I  

. . .  
P P  

.... 

i 

_ .  

.. 

. -  

A-. . 

... _. . . . .  I ..... ' ...... 4 .  

. . .  

..+ . 

. .- 

R E V  LTR 



O 0 100 

- -  , 0 

MODLL I N I T I A L .  DATE :::,:I DATE I TITLE 

ALf I 1 

REV LTR 



I )  j 1 
j 
I 

. I .  c- 

: I  ----I-:- 
$ /  

. . 

TITLE I MODEL 

CALC 

CHECK BEAM WEIGHT COMPARlSON 

F\ BEKGLA'5S ALUW\NU M APPD 

APPD 

37 



advantage over the aluminum cons t r~ ic+ , ion  for spans of 20,  b, and 60". 

However, for t h e  span of80 ' ;  the aluminum conqtruction shows less weight t h s n  

the f i b e r g l a s s .  

The wel4ht d i f f e r e n c e s  are not apprec iab le .  

of 10,ooO lbs: 

For i n s t ance ,  for a beam load  

SPAN 

20 

40 

60 

80 

- 
.Ui.m. = 5.75$ heav ie r  

Aim. = 9 . l O $  heav ie r  

Alum. = lO.F?,& heavier 

F ibe rg la s s  = 5.75$ heav le r  

?be i ne f f i c i ency  of the fibercr;lass I n  longer  s p n s  can be expla ined  b:.' t h e  

l o y e r  i m s q p r t e c !  l e n g t h  of t h e  compression f l ange  and t h e  low Plastic 

modulus. Nberglsss flawe lateral s t a b i l i t y  t.ecnme critical In many of 'he 

mses as shown i n  Figure 10, wherees this mode of fa i lure  was not so predom- 

i n a n t  for  the a l~mimun  beams. It appears tha t  u s e  of high modulus filaments, 

s x h  as g r a p h i t e ,  would tend to  make t h e  n o r i t r l l i c  beam more cornpet,€tive 

with aluminum i n  the k ighe r  load  ranqes. 

A comparison of beam we1ght.s der ived  Sy pre l id . r ,a r j r  hand c a l c u l a t i o n s  (as 

shxr-~ i n  Mgures 8 and 3 of the first quarterly report) and t h e  rigorous 

computer a n a l y s i s  i s  shown i n  F i m r e  21. 

?he ap;reemnt f s  fa i r  for the 20" span biit i s  poor f o r  the  more h1nhl:r 

loaded (a'' span. 

trade studies, bowever, ?re belir-ved t o  be valid because (1) t h e  same 

slmplif ied a n a l y s i s  was used for  all concepts iwest , i , -a ted,  and (2) tile 

results from the computer malysis show the a r t 5 I x d  eveluatiori of the  

honeycomb web constrl ict  ion t o  be conservative. 

The conclusions t h a t  were made *om the  p re l imina ry  dPs-LCn 
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‘-?he results of t h e  beam computer r.ragr,m are presently being s t t id ied  1 0  

determine o p t i m a  Keometries. P. d w i s i o n  will then be made on the l e n - t h  

of’ span t o  be fabricated and tested. 
e-  

. ‘  
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